Disseminated Penicillium marneffei infections are common AIDS-defining opportunistic infections among persons with human immunodeficiency virus (HIV) infection in northern Thailand. Penicilliosis due to P. marneffei is the third most frequent AIDS-defining infection in this population, after tuberculosis and cryptococcosis. Very little is known about the epidemiology and natural reservoir of P. marneffei. The seasonal distribution of two common AIDS-defining fungal infections was compared among patients diagnosed between 1991 and 1994 at Chiang Mai University Hospital. There were 550 cases (492 male, 58 female patients) of P. marneffei and 793 cases (685 male, 108 female patients) of Cryptococcus neoformans infection diagnosed. In each year, P. marneffei but not C. neoformans infections were more frequent in the rainy than the dry season. Seasonal variation of P. marneffei infections in AIDS patients in northern Thailand may provide valuable information in determining the important reservoirs and exposures to this organism that lead to disseminated disease in these patients.
Penicillium marneffei infections are an important cause of morbidity and mortality in human immunodeficiency virus (HIV)-infected patients living or traveling in Southeast Asia [1] [2] [3] . P. marneffei is a newly emerging fungal pathogen in immunocompromised hosts, especially HIV-infected patients.
Clinicians and microbiologists should be aware of this mycosis, especially since the disease has been seen in the United States and Europe among persons who acquired P. marneffei when visiting locations in Asia where the organism is endemic [4] . Patients with P. marneffei infections had been diagnosed, but such cases were very uncommon prior to the recent AIDS epidemic in Thailand [1, 2] . The first report of P. marneffei infections in Thailand included 5 patients seen at a Bangkok hospital between 1974 and 1982 [5] . Subsequently, the AIDS epidemic spread dramatically, beginning in 1989, and has been most severe in the northern provinces of Thailand [6] .
Between August 1982 and June 1992, 92 patients with P. marneffei infections were diagnosed at Chiang Mai University Hospital in Chiang Mai, Thailand [3] . Nearly all of these patients were HIV-infected and lived in one of the six northernmost provinces of the country. The prevalence of P. marneffei infections among AIDS patients from areas of Thailand outside the north appears to be considerably lower [7] . Information about the epidemiologic characteristics of P. marneffei infections in humans and the reservoir of the organism in nature is quite limited [8] .
This report examines the seasonal distribution of 550 patients with disseminated P. marneffei infection who were diagnosed at Chiang Mai University Hospital between 1991 and 1994 and compares the seasonal distribution of P. marneffei and Cryptococcus neoformans infections in AIDS patients during this period.
Methods
All patients admitted to Chiang Mai University Hospital with clinical symptoms or signs and microbiologic confirmation of disseminated P. marneffei or C. neoJormans infection between January 1991 and December 1994 who were HIV-infected were included in this analysis. The diagnosis was confirmed by culture on Sabouraud dextrose agar of blood, bone marrow aspirate, skin biopsies, cerebrospinalfluid, or other clinical specimens. The diagnosis of P. marneffei or C. neoformans infection was made using standard microbiologic criteria described previously [3] . The date of first hospital admission or clinic visit for symptoms of one of these two fungal infections and demographic data were recorded on a standard form and then entered in a data base for further analysis. Only the initial visit of patients with penicilliosis or cryptococcosis were included in the analysis.
To analyze the seasonal variation, we divided each year into 2 periods. May through October is the rainy season and November through April is the dry season. Additionaldata on the climatologic factors, such as average yearly rainfall, wind speed, and relative humidity, were obtained from the Chiang Mai Meteorological Center.
Results
During the 4-year study period, 550 patients with P. marneffei infection (492 male, 58 female) and 793 patients with C. neoformans infection (685 male, 108 female) were diagnosed by culture. The predominance of male patients among those with both fungal infections is similar to the sex distribution of all AIDS patients in northern Thailand. The mean ages of penicilliosis and cryptococcosis patients were similar: 32 and 34 years, respectively. Among P. marneffeiinfected patients, 73.8% lived in Chiang Mai Province, the largest and most populous (1.2 million) province in upper northern Thailand; 22.9% of patients were from the other five provinces in upper northern Thailand; 75% of patients were from rural areas.
The numbers of AIDS patients with either P. marneffei or C. neoformans infection increased each year between 1991 and 1994 as the AIDS epidemic expanded in northern Thailand (table 1) . However, in comparison with AIDS patients infected with C. neoformans, those presenting with P. marneffei infection were more likely to be seen in the rainy season in each year of the study. There were consistent significant seasonal variations in the incidence of penicilliosis compared with cryptococcosis between 1992 and 1994 (table 1, figure 1) .
The rainy season in northern Thailand spans the months from May through October and the dry season extends from November through April (figure 1). The mean monthly rainfall in Chiang Mai during the rainy season from 1960 to 1990 was 17.37 em (monthly range, 12.19-23.60), and during the dry season it was 2.45 em (monthly range, 0.46-5.28). The mean monthly wind speeds were 2.4 knots/h in the rainy season and 2.0 knots/h in the dry season. The mean monthly relative humidity was 78% in the rainy season and 66.5% in the dry season.
Discussion
The important reservoirs of P. marneffei in nature and the important exposures leading to human infections with this organism are unknown. P. marneffei was originally isolated from a bamboo rat (Rhizomys sinensis) in Vietnam [9] and subsequently from another species of bamboo rat (Rhizomys pruinosus) in southern China [10] . We have isolated P. marneffei from the lung, liver, or spleen of two additional species of bamboo rats (Rhizomys sumatrensis and Cannomys badius) in northern Thailand [11] . At present it is not clear whether bamboo rats are important as a natural reservoir for human infections in areas with endemic P. marneffei or whether the organism resides in soil and the bamboo rats are only another natural host of infection with this fungus. The type of exposures leading to infection in humans and the route of entry ofP. marneffei are unknown. By analogy with other opportunistic fungal infections, it seems quite likely that P. marneffei conidia may be inhaled from a contaminated reservoir in the environment and subsequently disseminate from the lungs when the infected host experiences immunosuppression [2, 5] . Number of cases/Rainfall (em) Each clinical case of penicilliosis might represent the outcome of three possible processes: primary infection, reinfection, or reactivation of latent disease. The natural history of human infections due to P. marneffei after primary infection is varied. Patients have been reported with long periods of asymptomatic P. marneffei infection (i.e., several years) prior to presentation with disseminated disease [12] . In other cases, the clinical appearance of disseminated infections occurred within a few weeks of exposure to the organism [13] . The appearance of P. marneffei infections in infants and young children with AIDS suggests that the duration between infection and clinical dissemination of the organism sometimes may be brief [14] . Primary infection appears to be an important problem for the children who acquire HIV infection perinatally [14] . In adults with disseminated P. marneffei infections who live in an area where the organism is endemic, the infection could result from reinfection or reactivation of a latent infection.
Seasonal variation in the incidence of some infectious diseases is known to occur; the increased incidence of Pseudomonas pseudomallei infections (melioidosis) during the rainy season is believed to be due to expansion of the environmental reservoir at that time [15] . The temporal patterns of infection could provide important epidemiologic clues to the reservoirs and exposures that lead to human infection. Significant seasonal variations in the incidence of P. marneffei infections among patients with AIDS suggest that many of these infections were acquired shortly after the onset of HIV-related immunosuppression, since such immunosuppression is not known to exhibit seasonal fluctuation and there are no known seasonal differences in the availability of diagnostic services. Because of the increasing frequency of disseminated fungal infections among AIDS patients in northern Thailand in the past few years, cultures of blood and lesions for fungal pathogens have been routinely done for all febrile HIV-infected patients at Chiang Mai University Hospital.
The impressive and consistent seasonal increase of P. marneffei infections among HIV-infected immunosuppressed patients in northern Thailand suggests there might be an expansion of the environmental reservoirs with favorable conditions for growth of the fungus during the rainy season. However, the natural reservoir and epidemiology of P. marneffei infections are not well understood. Our data indicate there may be an important epidemiologic difference between the two most common AIDS-associated opportunistic fungal pathogens in northern Thailand, as the onset of disseminated C. neoformans infections is not seasonal in northern Thailand. We believe the increase in P. marneffei infections during the rainy season may be an important clue to the reservoir and critical epidemiologic exposures associated with primary infection. We are now evaluating this further in an epidemiologic study.
